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Figure 2. Davis-Besse RPV Top of Head Plan View
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Figure 3. Davis-Besse CRDM Nozzle General Arrangement
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Figure 4. Boric Acid and Iron Oxide on Vessel Flange at 12RFO
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Figure 5 Nozzle 2 Corrosion Area Location, Size, and Profile.
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Figure 6. Cavity in Reactor Vessel Head Between Nozzle 3 and 11
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Figure 10. Nozzle 3 Crack Locations and Sizing
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Figure 11. Nozzle 5 Crack Locations and Sizing
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Figure 12. Nozzle 47 Crack Locations and Sizing

Root Cause Analysis Report Figures 99



Figure 13. Corrosion and Possible Impingement at Nozzle N-3
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Figure 16. Location of Leaking Nozzles in B&W Design Plants
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Figure 17. Distribution of Leaking Nozzles in B& W Design Plants
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Figure 18. CRDM Nozzle Leakage Observed at Oconee 3
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Figure 19. Unidentified Leak Rate at Davis-Besse (Cycle 13)
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Leaking Nozzles
N-1,N-2,N-3

Possible Leaking Flangeas
N-3, N-6, N-11, N-51

v E
Deposits Reported S R gnglwn Leaking Flange
Around Flange at RF-13 5
(No Photos Available)

[ 1 Affected Area at RF-10
Additional Affected Area at RF-11

& Additional Affected Area at RF-12
- Additional Affected Area at RF-13

Figure 20. As-Found Locations of Boric Acid Deposits on Davis-Besse Vessel Head (10RFO to
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Figure 21. Nozzle Crack Leakage Rate Calculation Results
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Figure 22. Finite Element Model Boundary Conditions to Simulate Axial Crack
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Figure 27. Events and Causal Factors Chart on Following 5 pages:
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O 1990 Repaired CRDM Flanges (23) O 1954 Repaired CRDM Flanges (8)

' 1991 Repaired CRDM Flanges (15) . 1996 Repaired CRDM Fianges (10)
O 1991 Leaking CRDM Flanges (7) i} 2000 Repaired CRDM Flanges (5)

@ 1593 Repaired CRDM Flanges (15)

Figure 28. Leaking Flanges Found and Repaired During Each Outage
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Figure 29. Flange Leakage with Stalactite Formation from Insulation

and Stalagmite Formation on top of Reactor Vessel Head (8RFO)
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Figure 30. Flange Leakage Crusted On Side of Nozzles and Stalactites from Gaps in Insulation (8RFO)
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Figure 31. Reddish Brown Boron Deposits Crusted on Side of Nozzle (8RFO)
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Figure 32. Boron Deposits — Source Unclear (8RFO)

Root Cause Analysis Report Figures ¢ 119



Figure 33. North Side of Reactor Vessel Head (10RFO)
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Figure 34. Boron Deposits Near Top of Reactor Vessel Head (10RFO)
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Figure 35: Typical Deposits for Periphery (10RFO)
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Figure 36. Red Rusty Boric Acid Deposits on Vessel Flange at 12RFO
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Figure 37. Boron Piled Under the Insulation (11RFO)

ITHAVE NO PICTURES FROM 2000 OUTAGE.
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Figure 38. Boric Acid Deposits with Heavy Iron Concentration on Underside of Nozzle 3 (13RFO)
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Figure 39. 2000 Interferences with CRDM Flange Inspection |
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CTMT Air Coolers: -
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Figure 40. RE4597 Sample Location

Root Cause Analysis Report Figures o127



CTMT Radiation Monitors RE4597AA/BA

(Combined lodine Channels)
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Figure 41. CTMT Radiation Monitors RE4597AA/BA

(Combined Iodine Channels)
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CTMT Radiation Monitors RE4597AA & BA (Noble Gas Channels)
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Figure 42. CTMT Radiation Monitors RE4597AA & BA
(Both Noble Gas Channels)
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Figures « 130
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Figure 43. Potential Effects of Boric Acid Deposits on Vessel Top Head Surface.
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Crack Profile for Nozzle 3, Flaw #1
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Figure 44. Crack Profile for Nozzle 3, Flaw #1
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Attachment 1. Potential Evidentiary Request List

1. Metallurgical Samples From Nozzle 3
It is desirable to obtain the remaining section of Nozzle 3 from the elevation of the cut to the bimetallic
weld to the CRDM nozzle flange. Note: The specimen should not be cleaned prior to input from the Root
Cause Team. This specimen may be used for the following examinations and tests:

a.  Examination of external surface of nozzle looking for evidence of flow up through the annulus.
Include high quality photographs

b.  Metallurgical examinations including chemistry, microstructure, etc.

c.  Hardness traverse through the wall thickness (similar to Oconee 3)

d.  Tensile properties at three locations through thickness (similar to Oconee 3)
e.  Others as identified

2. Non-destructive Inspections of Top Head Surface at Nozzle 3 Location
It is desirable to perform several non-destructive inspections of the top head surface:

a.  Priority 1: High quality phptographs of the corroded areas adjacent to Nozzle 3. The purpose of the
photographs is to show:

- General extent of corrosion
- Evidence of flow across clad and base metal surface
- Evidence of possible impingement of steam jet on surfaces

b.  Priority 2: Casting impression of cavity. The purpose of the impression would be to further aid in
identifying the boric acid corrosion mechanisms such as

- Volume loss
- Location of volume loss relative to leak
- Undercutting of low-alloy steel at cladding interface (potential)

3.  Specimens From Remaining Material at Nozzle 3 Location
It is desirable to remove specimens of the unsupported J-groove weld and adjacent areas of the

unsupported clad. The priorities for these examinations are as follows:

a.  Prority 1: The section of the J-groove containing the downhill (=0°) crack should be removed. This
specimen would be used to:

- Determine the crack geometry (single crack, branches, etc.)

- Determine the crack width

- Assess flow induced erosion on the crack faces

- Assess the potential for the crack to have started at the J-groove weld surface
- Assess the potential for weld defects

- Assess the clad thickness and integrity

Root Cause Analysis Report Attachments o 132



